In this paper a life cycle analysis of coal-fired power generation and CO 2 emission in China is conducted. The life cycle of coal-fired power generation includes coal mining, processing, transport and electric generation. It concludes that the life cycle of CO 2 emission of coal-fired power generation in China is 1.02kg/kWh. The main factors affecting CO 2 emission are pointed out based on sensitivity analysis. Net coal consumption is the most sensitive factor and is therefore the main contributor of CO 2 emission. Raw coal and electricity consumption during coal mining as well as gross coal consumption are also major contributors.
INTRODUCTION
Worldwide, transportation is the main source of greenhouse gas (GHG) emissions, accounting for 20-30% of total carbon dioxide emissions in some countries. The report "To reduce transport carbon dioxide emissions report" published by the EU in 2007 shows that road, air, and water transports; accounts for 18%, 5%, and 2% respectively of the CO 2 emissions from the combustion of fuel, and 3% from other transport modes (such as pipeline transport, railway transport, etc.), and that more than 60% of the total transport emissions comes from road transportation.
The sustained and rapid development of China's automobile industry in recent years, has led to an increase in the vehicle population resulting in the increased consumption of gasoline and diesel. As consequence CO 2 emissions has increased posing serious environmental challenges. In 2007, China's gasoline and diesel consumption due to transportation alone was more than 90 million tons and the CO 2 emission was more than 300 million tons. The upward trend will continue if no emission reduction measure is implemented.
Under this situation, the development of electric vehicles is considered a promising direction for the automobile industry and has been researched by many countries (Peças Lopes et al. 2010 , Karner 2007 , Quinn et al. 2020 . In China, coal-fired power generation is about 80% of electric power which is very different from other countries. Due to abundant CO 2 emission, it is important to make exact analysis of it in the process of coal-fired power generation (Xiao 2005.) . In this paper, life cycle analysis of coal-fired power generation and CO 2 emission are modeled and calculated. Furthermore, sensitivity analysis was carried out to determine the main factors affecting CO 2 emission.
LIFE CYCLE ANALYSIS OF COAL-FIRED POWER GENERATION
Coal resource is the main part of China's energy resources and is the foundation of the electric industry. The steps involved in coal-fired power generation are illustrated in Figure 1 below, followed by a brief description of the steps.
Figur 1. The flow chart of coal-fired power generation

Coal mining
The main coal mining methods are opencast working and underground mining, in proportions illustrated in Table 1 Table 2 shows the energy consumption of stated-owned main colliery of China. Mechanization levels are lower at collieries in villages and towns compared to state and district collieries and also less energy is consumed compared to the stated-owned main colliery without considering the consumption of manpower. So the average energy consumption of China in coal mining is lower than the average of stated-owned colliery. With the mechanization level improving, the coal consumption is down from 27.7kg/t (statistical data of 2000) to 26.7kg/t (statistical data of 2005), meanwhile the electricity consumption is up from 33.04kWh/t to 34.36kWh/t (Zhang 2008) . There are two main parts of gas emissions in coal mining, the first is the exhaust gas made of CH 4 , CO 2 in the coal bed and normally discharging CH 4 7~8 m 3 /t, CO 2 6m 3 /t (National Development and Reform Commission 2006).The other is CO 2 emission when machines are working, which can be calculated by the used oil, electricity and coal.
Coal processing
Coal processing is the separation of coal into different components by using different physical or chemical processes as illustrated in Figure 2below . The machines for coal processing are powered by electricity with little coal wasting. For example, steam coal is with 20.25% coal ash, 1.0% sulfur, 23MJ/kg heat value and its energy consumption is 3.0kWh/t in processing. So the emission can be calculated by the electricity consumption during coal processing.
Figure 2. Coal processing system Coal Transport
Coal resources are not evenly distributed and are mainly located in the west and north of China, while consumption is high in the south-east. So the coal products are mainly transported from west to east and from north to south by railway transportation, waterway, or highway transportation. Table 3 (1) Railway transportation Railway transportation is the main method for coal transportation in China with a more than 50% share of the various means of transport. The trains used are of three types: steam locomotive, electric locomotive and diesel locomotive. Presently, the steam locomotives have been almost phased out while the diesel locomotives are mainly used as shown in table 4 below. In 2008, diesel locomotive were 63.7% of rail engines, while electric locomotives were 35.8% and steam locomotives were 0.5% of the total engines. Compared with diesel locomotives, the number of electric locomotives has increased at a faster rate. Table 5 shows the energy efficiency of Chinese locomotives, suggesting that diesel locomotive uses 0.00245kg oil per ton kilometer and electric locomotive uses 0.011kWh per ton kilometer. Coal transportation through waterways includes inland river transportation and coastal transportation by ships powered by diesel oil. In Table 7 , the oil consumption of waterway transportation has decreased from 92kg to 66kg per ten thousand kilometer and the average transported distance of coal is around 700km (National Development and Reform Commission 2006). 
LIFE CYCLE CO 2 EMISSION OF COAL-FIRED POWER GENERATION
The conversion rates used are 1.1 clean coals per standard coal and 1.4 standard coals per raw coal (State Statistical Bureau 2008) . Table 9 describes the CO 2 emission rate of diesel, raw coal and standard coal. Let x be life cycle CO 2 emission (kg) of coal-fired power generation, Table  10 lists the equations and calculations for the above analysis. α is the gross coal consumption.
Inputing the values, 1
α =80ˈ 8 α =700ˈ 9 α =0.332ˈ 10 α =356ˈx is calculated as x=1.02. It means that the life cycle CO 2 emission (kg) of coal-fired power generation is 1.02kg/kWh.
SENSITIVITY ANALYSIS
For each parameter described in table10 above, we also make further parameter analysis to find out which parameters are more sensitive to the final result. Each parameter is changed from -50% to 50% to observe the final value changes. As shown in figure 5 below, net coal consumption is the most sensitive and give contributes most to CO 2 emission. Raw coal and electricity consumption during coal mining and gross coal consumption are also major contributors compared to other parameters. This result is in accord with the reality in China and can be used to find the best way to decrease CO 2 emission. For example, a reasonable way is that we can try to improve the mechanization of coal mining and decrease the raw coal consumption of coal mining, since the raw coal consumption has the third strongest impact on the final result. 
CONCLUSIONS
In this paper, we first summarized the steps involved in coal-fired power generation, and then modeled the life cycle analysis of coal-fired power generation and CO 2 emission. We calculated that, in China, the life cycle CO 2 emission (kg) of coal-fired power generation is 1.02kg/kWh.
Furthermore, sensitivity analysis revealed the main factors affecting CO 2 emission. To improve our result, a more detailed model of coal-fired power generation that introduces more parameters with hierarchical structures should be
